**Core tip:** Ovarian tumors are common gynecological diseases in children, and 4 children with ovarian tumors were treated using a robotic surgical system in the Department of Pediatric Surgery of People\'s Liberation Army General Hospital. There are no reports available on the use of robotic surgery systems to treat ovarian tumors in children in China. We think that robotic-assisted resection of ovarian tumors in children is feasible and promising.

INTRODUCTION
============

Ovarian tumors are common gynecological diseases in children, and the most commonly seen ovarian tumors are germ cell tumors\[[@B1]\]. Ovarian mature cystic teratomas, also known as dermoid cysts, are the most common germ cell tumor, and they are also the most common benign tumors of the ovary\[[@B2]\]. Malignant germ cell tumors are relatively rare, but these malignant tumors usually a have high degree of malignancy. The proportion of malignancy is negatively associated with the age of the child (younger patients often have a greater likelihood of having malignant tumors)\[[@B3]\].

With the rapid development of minimally invasive surgery in recent years, robotic surgery systems have been widely used in many surgical procedures in adults\[[@B4]-[@B8]\]. However, due to the large age differences between pediatric patients, robotic surgery for children remains in the exploratory stage.

No reports are available on the use of robotic surgery systems to treat ovarian tumors in children in China. However, foreign medical centers have reported their experience in this field\[[@B9]\]. From June to October 2017, 4 children with ovarian tumors were treated using a robotic surgical system in the Department of Pediatric Surgery of People's Liberation Army General Hospital. This study retrospectively analyzed the clinical data and surgical procedures of these patients and aimed to explore the feasibility and safety of robotic surgery systems in children with ovarian tumors, as well as to provide preliminary experience with its clinical application.

CASE PRESENTATION
=================

Chief complaints
----------------

Four children were admitted to the hospital with mass in lower abdomen.

History of present illness
--------------------------

The mean age, height, and weight of these patients were 7.5 (1-13) years old, 123.75 (71-164) cm, and 36.8 (8.5-69.5) kg, respectively. The Basic data of patients see Table [1](#T1){ref-type="table"}.

###### 

Basic data of patients, size of tumor and perioperative pathology

  **Case**   **Age**   **Height**   **Weight**   **Tumor**   **Side**   **Pathology**
  ---------- --------- ------------ ------------ ----------- ---------- --------------------------------
  1          8         120          22.3         13.4        Right      Ovarian mature cystic teratoma
  2          1         71           8.5          5.4         Right      Ovarian mature cystic teratoma
  3          13        164          69.5         21          Left       Mucinous tumor of the ovary
  4          8         140          47           11.6        Right      Ovarian teratoma

Physical examination
--------------------

The patient exhibited mass in lower abdomen.

Imaging examination
-------------------

Ultrasonography revealed cystic mass in the lower abdomen.

FINAL DIAGNOSIS
===============

Ovarian tumors.

Preoperative diagnosis and treatment plan
-----------------------------------------

For the treatment of ovarian tumors, Robotic-assisted resection was performed under general anesthesia. All of the patients were indicated for robotic surgery without contraindications. And the patients were fully informed and signed an informed consent form.

TREATMENT
=========

Anesthesia and body position
----------------------------

Routine bowel preparation was performed before surgery. Total intravenous anesthesia was administered with tracheal intubation. The end-tidal CO~2~ concentration was conventionally monitored. The patient was placed in the supine position and was restrained with tape or bandages. The direct trocar entry technique was used to create the pneumoperitoneum. The conventional CO~2~ pneumoperi-toneum pressure was maintained at 8 mm-10 mm Hg, but the recommended pressure was 6 mm-8 mm Hg in the neonates. The upper limit of pneumoperitoneum pressure was used to create the pneumoperitoneum to fully expose the abdominal cavity. After introducing robotic instruments, the pressure was reduced to the lower limit, and excellent exposure was achieved.

Trocar placement
----------------

A 12 mm trocar was directly inserted into the abdominal cavity at a site 5 cm to 10 cm above the umbilicus to create a pneumoperitoneum with placement of the robotic scope. An 8 mm trocar was placed at a site 1 cm below the right costal margin in the anterior axillary line and was used for arm 1 (Figure [1](#F1){ref-type="fig"}). An 8 mm trocar was placed at a site 1 cm below the left costal margin in the anterior axillary line and used for arm 2 (Figure [1](#F1){ref-type="fig"}).

![Trocar placement during surgery.](WJCC-7-2542-g001){#F1}

Preparation of the robotic surgical system: First, the surgical robotic arms of the robotic surgery system were placed on the patient's leg side, and the connection between the surgical robotic arms and the trocar is described as follows: (1) The robotic arm of the scope was connected to the 12 mm trocar above the umbilicus, and the robotic scope was inserted; (2) The two robotic arms were connected to the left and right 8 mm trocars, respectively. A monopolar electrocoagulation hook or a robotic ultrasonic knife was mounted on one side, and a bipolar electrocoagulation hook was mounted on the other side.

Basic steps of the procedure (on the right side in a patient)
-------------------------------------------------------------

After successful anesthesia, the anesthesiologist placed the radial artery catheter. The urinary catheter was placed. The patient was placed in the lithotomy position with the feet elevated above the head. The operative field was routinely disinfected with iodine and draped. The pneumoperitoneum needle was inserted above the umbilicus to create a pneumoperitoneum with pressure of 13 cm H~2~O. A 12 mm trocar and the robotic scope were placed. The exploration showed that the diameter of the left ovarian tumor was approximately 10 cm, and the right ovary was unremarkable. No pelvic or abdominal metastasis or malignant ascites was observed. The trocars for robotic arms 1 and 2 were placed to the lower right and lower left to the port of the scope, respectively. The robotic scope and the instrument arm were inserted and connected from the foot side.

The tumor capsule on the fallopian tube was circularly incised at a site approximately 3 cm from the infundibulum of the fallopian tube, and the tumor was completely stripped with an electric hook along the junction of the tumor and the capsule. The examination was repeated to confirm no active bleeders in the fallopian tube stump and residual ovarian capsule. Robotic arms 1 and 2 were withdrawn. The incision for arm 1 was extended. The resected tumor of the left ovary was placed in an endobag, in which the tumor was punctured to rupture. Clear liquid flowed out, and hair and fat were visible inside. The resected tumor was completely removed using an endobag.

The procedure went well. The patient returned to the ward after surgery. No blood transfusion was needed.

Perioperative parameters
------------------------

All 4 patients successfully underwent the robotic-assisted surgery, and there was no conversion to open surgery. The average docking time of the robotic system was 18.5 min, the average operative time was 120 min, and the average blood loss was 20 mL. No drainage tubes were placed except in a patient with a mucinous tumor of the ovary.

OUTCOME AND FOLLOW-UP
=====================

On the first day after surgery, the patients were allowed to ambulate and were provided with a liquid diet. On the second day, the patients were offered a semiliquid diet and were allowed to perform normal daily activities. No fever, pelvic fluid, or intestinal obstructions were reported after surgery. No antibiotics were used, and no complications (Clavien III or higher) occurred. The average length of hospital stay after surgery was 3 d.

No serious complications or recurrences were observed after the 6-mo follow-up.

DISCUSSION
==========

In 2005, the United States Food and Drug Administration approved robotic surgery systems for gynecological surgery. Over the past 10 years, robotic surgery systems have been widely used in the surgical treatment of adult gynecologic tumors\[[@B10]-[@B12]\]. Robotic gynecological surgery in the treatment of benign and malignant gynecological tumors has been highly praised by gynecologists at home and abroad\[[@B13]-[@B16]\]. Robotic surgery in children was first used in urology\[[@B17]\], and since then, an increasing number of surgeons have reported the use of robotic surgery in various fields of pediatric surgery.

In this group of patients, the robotic arms were used to accurately complete exposure of the ovary, dissection of blood vessels, resection of the tumor, hemostasis of the wound, and removal of the specimen. During stripping of the cysts, the cysts were not ruptured in the 4 patients, and the blood loss was small. The morphology of the ovary was maintained, which is beneficial to the recovery of postoperative ovarian function.

In gynecological treatment, laparoscopic ovarian cystectomy is one of the most widely used procedures\[[@B18]\]. Laparoscopic ovarian cystectomy is a toilless procedure for separation of the tumor, and surgeons have sufficient understanding of the anatomy. Therefore, laparoscopic ovarian cystectomy is an ideal procedure for using robotic surgery systems. In this study, the procedures were performed over a period of 4 months. In these 4 procedures, the docking time of the robotic system and the operative time of the robotic surgery decreased as the surgeons accumulated more experience. The procedure was prolonged in a few cases, but a prolonged operation time can be accepted, considering the benefits of minimally invasive surgery. Some studies have shown that\[[@B19]-[@B21]\], in the treatment of complex gynecological diseases, the learning curve with robotic surgery is shorter and easier than that with laparoscopic surgery, and the operator can complete the surgical task quickly and accurately.

We summarize the experience of using the Da Vinci system in pediatric gynecological surgery as follows. First, Chang et al\[[@B22]\] reported that the successful operation with robotic surgery requires four elements: A good understanding of the surgical procedure, superb surgical skills and frequent training, teamwork, and trocar placement. We agree with this statement and suggest that the most critical step is the placement of trocars, especially for children. In the early stage of this study, we noted that improper placement of the trocars would limit robotic manipulation in the abdominal cavity and increase the chances of instrument conflicts due to the small surface area of the abdominal wall of children and the relatively small space in the abdominal cavity. Therefore, the rational placement of the trocars is essential for a smooth operation. Second, unlike adult gynecological surgery, in which 4 robotic arms can be used, surgeons often only use 3 robotic arms in the majority of pediatric gynecological surgeries. Most pediatric gynecological surgeries can be completed using two operating arms. If the fourth arm is added, it will require more space and interfere with the operation of other arms in the pelvis, thereby increasing difficulty of the manipulation of the other arms. We suggest that, according to the experience of Finkelstein et al\[[@B23]\], the distance between the anterior superior iliac spine (\> 13 cm) should first be evaluated before surgery to confirm that there is sufficient space to operate smoothly. Third, the standard operation of the robotic surgical system is to insert the trocar for the scope first and then insert the trocars for the robotic arms. The improvement that we made is to insert the trocars for the robotic arms on both sides first and then insert the trocar for the scope. This operation order is simple, safe, and consistent with the experience in previous reports. Fourth, children's abdominal walls are relatively thin and mobile. In the first few cases in this study, trocar detachment occurred and affected the operation of robotic surgery. The experience in some centers is to directly suture the trocar to the abdominal wall. We do not usually use this method. According to the position and degree of movement of the robotic arm, the position of the trocar's remote center is adjusted appropriately. The trocar should be placed in the abdominal cavity deeply or at least reach the remote center if the robotic arm needs to be moved in a large range, or it should reach the edge of the remote center if the robotic arm requires moving in a small range. Fifth, less pressure for the pneumoperitoneum was required for children's robotic surgery than with conventional laparoscopic surgery to achieve the same exposure effect. The main reason is that the abdominal wall can be retracted outward by the robotic arm to enlarge the space in the abdominal cavity. The principle of this method is to create a pneumoperitoneum with the abdominal wall hanging up. Therefore, the requirements of the body position are not as strict as those of conventional laparoscopic surgery\[[@B22]\].

There have been some controversies with robotic surgery in children. The population is relatively smaller in children than in adults. The number of accumulated procedures in children is difficult to compare with that in adults, which could lead to an imbalance between the efficiency and the cost. Cundy et al\[[@B24]\] suggested that robotic surgery in children is driven more by technology and industry than by clinical demand. Currently, there is no literature directly demonstrating the applicability of robotic surgery in children. As Peters\[[@B25]\] commented, "similar to children, new technologies, do not emerge in a mature form but, rather, require time for development and refinement".

Robotic surgery is undoubtedly a trend in minimally invasive surgery, and its emergence is not limited to itself. With the emergence of robotic surgery, a series of technological innovations will follow. Pediatric surgery-specific robotic techniques are on the rise, and the pediatric cardiac bioengineering laboratory led by Damian et al\[[@B26]\] is working on the invention of a small implantable robot; microrobots and nanorobots will be able to enter the human body to complete surgical tasks under wireless control without any awareness of patients\[[@B27]\].

CONCLUSION
==========

Robotic-assisted resection of ovarian tumors is a simple, safe, and effective surgical procedure for selected pediatric patients. In centers where robotic surgery services are newly available, robotic-assisted resection of ovarian tumors is a suitable entry-level procedure.
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